Household low-quality coal consumption is a main contributor to air pollution in China. In response, governmental subsidies on high-quality coal and promotion of new-type coal stoves have been implemented. However, to date, little is known about the effectiveness of these policies and determinants of consumption behavior between low-quality and high-quality coals. To fulfill this paucity, we conducted face-to-face surveys with 602 households in rural Beijing and collected the information of coal consumption, socioeconomic, cognitive and psychological factors. With the data, we empirically characterize the determinants of coal consumption and its switching behavior between high-quality and low-quality coals by bivariate probit and Tobit regressions, yielding the following principal results: (1) prosocial people are more likely to consume high-quality coal, and critical thinking disposition positively affects the probability to choose high-quality coal; (2) local environmental concern plays an important role in consumption behavior, but global environmental concern does not; (3) government policies appear to be efficient in that subsidies on high-quality coal reduce the likelihood of choosing low-quality coal and the promotion of new-type coal stoves facilitates the transition from low-quality to high-quality coal. Overall, the results suggest that cognitive, psychological factors and promotion policies can be considered significant in coal consumption behavior. Public education on critical thinking, local environment and prosociality as well as new-type coal stoves should be further promoted to accelerate the transition from low-quality to high-quality coal.
adoption of new-type coal stove (General Office of Beijing Municipal People's Government, 2013) . The to modern and cleaner one. Peng et al. (2010) focus on energy sources for cooking in rural Hubei, 23 documenting that income, fuel price and sociodemographic characteristics affect fuel switching from 24 biomass to cleaner fuel. Rahut et al. (2014) identify that households with a better-educated or female 25 head with higher income living in urban households have a higher probability of switching to clean 26 energy use, while poor and rural households with low level of education are constrained to consume 27 dirty energy in Bhutan.
28
None of these studies analyze the determinants of household coal consumption behaviors across 29 different coal qualities within a single analytical framework. While direct switch from low-quality coal 30 to another source of cleaner energy such as electricity or the renewable is known to be time-consuming 31 due to the requirements of sound infrastructures and huge government investment, promotion of high-32 quality coal is regarded as an important and necessary step for practical energy transition in China 33 (Xiao, 2016) . Along with the government policies on high-quality coal consumption in rural Beijing, 34 air pollution problems have become a prominent issue facing the developing worlds such as China 35 and India. Given this state of affairs, this paper seeks to analyze the effectiveness of the government 36 policies, household coal consumption and its switching behavior between low-quality and high-quality 37 coal in rural China.
38
To this end, we conducted face-to-face surveys with 602 households in rural Beijing and collected the information of coal consumption, socioeconomic, cognitive and psychological factors. With the 40 data, we empirically characterize the determinants of coal consumption and its switching behavior 41 between high-quality and low-quality coals by bivariate probit and Tobit regressions, yielding the fol-42 lowing principal results: (1) prosocial people are more likely to consume high-quality coal, and critical 43 thinking disposition positively affects the probability to use high-quality coal; (2) local environmental 44 concern plays an important role in switching behavior, but global environmental concern does not; (3) 45 subsidy policies appear to be efficient in reducing low-quality coal consumption, while promotion of 46 new-type coal stoves further stimulates high-quality coal consumption from low-quality one. The re-sults suggest that cognitive, psychological factors and promotion policies can be considered significant Miyun, Pinggu, Fangshan and Daxing (see figure 1 ).
62
[ Figure 1 about here.]
63
In the March of 2016, we conducted household field surveys in rural Beijing. Overall, 602 house-64 holds were randomly selected and the decision makers of each household were interviewed. The re-spondents were asked to answer whether they use low-quality and/or high-quality coals during the 1. low-quality coal = high-quality coal = 1 if a household consumes both low-quality and high-quality 68 coals, 2. low-quality coal = high-quality coal = 0 if a household consume neither low-quality nor (Nakagawa, 2017) . According to Nakagawa (2017) , global environmental concern is measured by 12 82 questions (see table 2 ). Apart from the 11 questions applied in Nakagawa (2017) , one more question of 83 concern on global warming is added, since the burning of fossil fuel leads to global warming problem 84 and we are interested in how households are concerned about coal consumption and its association to 85 global warming. Each question is 5 point scale: 1 = strongly disagree, 2 = disagree, 3 = neutral, 86 4 = agree and 5 = strongly agree. In theory, global environmental concern ranges from 12 to 60.
87
Local environmental concern consists of 6 questions on the specific environmental issues in Beijing (see 88   table 3 ). In addition to the 4 point scale for question 6, all other questions are based on 5 point scales:
89 1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree and 5 = strongly agree. Hence, local 90 environmental concern ranges from 6 to 29. Following Nakagawa (2015) , critical thinking disposition 91 comprises 13 questions by focusing on the subscale of logical awareness ability (see Van Lange et al. (1997 Lange et al. ( , 2007 , when the participants make 6 or more consistent choices among the 9 109 questions with a particular orientation, they are identified to be one type from prosocial, competitive or 110 individualistic orientations. Otherwise, they will be categorized into "unidentified."
111
Before the SVO game, we organized an oral instruction to the respondents in the field surveys.
112
Each respondent has been informed that all the numbers in the game have meanings, and the more 113 numbers the respondent receives, the more money oneself will get. After finishing the questionnaires,
114
their choices have been paired and matched randomly. To elicit the subject's real choices in the SVO 115 game, we provided the real money by calculating the subject's total numbers from the 9 questions of 116 own choices and partner's choices and by applying an experimental exchange rate to the total payoff 117 each respondent gains from the SVO games. 2 Because we implemented the individual household field 118 surveys, a post-survey for the SVO game was organized to pay the monetary reward to each respondent.
119
The maximal individual gain is 10 RMB (≈ 1.54 USD) and the mean of that is 8 RMB (≈ 1.24 USD). people and other value-oriented people.
123
[ We apply two types of regressions (bivariate probit and Tobit models) by using the same set of independent variables. The bivariate probit model is specified as follows:
where subscript k = {h, l} represents high-quality and low quality coals, respectively, subscript i is In the second regression, we analyze high-quality and low-quality coal consumption by applying Tobit regression. The Tobit regression uses the same set of independent variables as the bivariate probit 2 The details of how to calculate the total individual payoff in the SVO game are explained in Van Lange et al. (1997) . 3 In the March of 2016, the exchange rate is 1 USD ≈ 6.48 RMB. 4 The bivariate probit regression takes account of the correlation between h and l by estimating covariance ρ. The estimation result yieldsρ = −0.807 at the 1 % significance, implying negative association and substitutability between low-quality and high-quality coal. regression of equation (1), but the dependent variables in the Tobit regression are the quantities of highquality and low-quality consumption denoted by Q hi and Q li , respectively, noting that the consumption data contain a considerable portion of zero observations (table 6). The Tobit regression is expressed as
where Q * ki is an latent variable satisfying the relation of
ror term so that the probability distribution of Q ki is normally distributed over positive support and cen-135 sored at zero over negative support. Under the assumptions, the vectors of parameters associated with 136 socioeconomic, cognitive, psychological and policy variables, a k , b k and d k , shall be estimated with the 137 maximum likelihood for Q ki in the Tobit regression (Wooldridge, 2008 (Wooldridge, , 2010 . The bivariate probit and tion. However, the dominant heating resource appears to be still low-quality coal. The possession of the new-type coal stoves depends on whether each household know the promotion policies or not. Most households that possess new-type coal stoves know the policies, while those who do not possess neither know nor care about it from the beginning. mental concern, SVO and possession of new-type coal stove are identified to be very important factors in people's choice and consumption behavior between low-quality and high-quality coal. Household 179 income and relative coal price only affect the probability of choosing low-quality coal, and critical 180 thinking disposition only affects the probability of choosing high-quality coal. The heating areas are 181 estimated to have a small economic significance on the quantity change of low-quality coal consump-182 tion.
183
[ perature. On the other hand, the more members there are in a household, the longer time it may take 197 to achieve a decision on whether to change the heating source or not. The education status is found to 198 have no significant impact on both low-quality and high-quality coal consumption.
199
Regarding house heating areas, bivariate probit regression shows its positive effect on the likelihood 200 of choosing low-quality coal, but no effect on that of high-quality coal. In Tobit regression, the house familiar with low-quality coal and uncertain about the heating costs with high-quality coal. Therefore, 211 they might be cautious to switch to high-quality coal.
212
By comparing global and local environmental concern, we find that local environmental concern 213 is an important factor affecting both people's choice and consumption behavior between two types 214 of coal, while global environmental concern does not exhibit any significant impact. The bivariate 215 probit regression estimates that when local environmental concern increases by one score, people tend 
226
One interesting finding is that prosocial people are more likely to consume high-quality coal than 227 low-quality coal. Bivariate probit regression also reveals that, compared with other value-oriented 228 people, prosocial people tend to decrease the probability of choosing low-quality coal by 8.5 % and
229
to increase the probability of choosing high-quality coal by 15 %. Tobit regression also exhibits that 230 prosocial people consume 0.231 t month −1 less of low-quality coal and 0.392 t month −1 more of high-231 quality coal. By definition, prosocial people are more concerned about the benefit of other people and 232 the whole society. Due to the reason, they might become more eager to switch to high-quality coal and to consume more. With respect to critical thinking disposition, people with one more score are more 234 likely to choose high-quality coal by 0.800 %. Higher critical thinkers are known to have better abilities 235 in logical and comprehensive understanding. Thus, they might consume high-quality coal because of 236 their deep understanding on the necessity to save the environment.
237
The promotion of new-type coal stove is identified to perform effectively in transitioning from low-238 quality to high-quality coal. Specifically, the households with new-type coal stoves are less likely to 239 choose low-quality coal by 22.2 %, but more likely to choose high-quality coal by 32.6 %. Likewise, 240 they tend to consume 0.486 t month −1 less of low-quality coal, but 0.972 t month −1 more of high-241 quality coal. The new-type coal stoves are mainly designed for better indoor and outdoor environment.
242
It is also known that the performance shall be optimized when the high-quality coal is used for burn-
243
ing. Although such new-type coal stoves are proven to be highly effective, many households in our 244 study neither know nor care about the stoves. Therefore, the further promotion shall be necessary to 245 disseminate the new stoves.
246
The promotion policies of subsidies on high-quality coal are estimated to be effective in reducing 247 the likelihood of choosing low-quality coal. Specifically, a decrease in relative coal price reduces 248 people's probability of choosing low-quality coal by 27 %, but has no impact on the probability of 249 choosing high-quality coal. Tobit regression also shows its insignificant effect on both low-quality and 250 high-quality coal consumption. This finding indicates that the subsidies on high-quality coal price are 251 effective for households to quit low-quality coal use, but does not bring about people's acceptance of 252 high-quality coal. In summary, we obtain the following results. First, income is a key factor to reduce 253 low-quality coal consumption, and critical thinking disposition positively influences the likelihood of 254 choosing high-quality coal. Second, prosocial people are more likely to consume high-quality coal than 255 low-quality coal. Third, local environmental concern is important for switching from low-quality coal
256
to high-quality coal, while global environment concern does not have any significant effect. Fourth, the 257 government policies perform effectively. In particular, the new-type coal stoves are demonstrated to be 258 effective for the transition from low-quality to high-quality coal consumption in rural Beijing. environmental concern is a significant determinant on the transition from low-quality to high-quality 270 coal consumption. The governmental promotion policies on high-quality coal are effective.
271
These findings suggest that economic development is necessary for reducing low-quality coal con- High-quality coal price after the subsidies divided by low-quality coal price. ***significant at the 1 percent level, **at the 5 percent level and *at the 10 percent level.
